glucopyranosyl ester (6), were isolated from the methanol extract of the pericarps of Akebia trifoliata Koidzumi (Lardizabalaceae), together with five known nortriterpene saponins and three phenolic glycosides. Their structures were elucidated by spectroscopic analyses and acid hydrolysis.
Akebia trifoliata Koidzumi (Lardizabalaceae) is a shrub that is native to East Asia, Japan, China, and Korea. The stems of A. trifoliata and A. quinata have been used in the crude oriental drug Moku-tsu (in Japanese) as diuretics and anti-inflammatory drugs. The pericarps of these plants have also been used in Japan in folk medicine and cooking. Chemotaxonomic studies of the stems [1a,b] , pericarps [2a,b] , and seeds [3a,b] of A. quinata have been performed, and oleanane-and noroleanane-type triterpenes and their saponins have been reported. However, few studies of the constituents of the stems [4,5a] and pericarps [5b] of A. trifoliata have been conducted. In our investigation, i.e., a chemotaxonomic study of medicinal plants cultivated in the Medicinal Plant Garden at the School of Pharmacy, Nihon University, we were interested in the constituents of the pericarps of A. trifoliata. In this study, we report the isolation and elucidation of the structure of three new nortriterpene saponins (3, 4, and 6), together with five known saponins and three phenolic glycosides.
Air-dried pericarps of Akebia trifoliata were extracted with acetone, methanol, and 50% methanol. The methanol and 50% methanol extracts were combined and passed through Amberlite XAD4, washed with water, and eluted with 50% methanol, methanol, and 80% acetone to give four fractions. The 50% methanol eluate was separated using reversed and normal phase columns and Sephadex LH20 to give crude saponin fractions. A crude saponin fraction was purified by reversed-phase HPLC to give compounds 1 and 2. Another crude saponin fraction was purified by reversed-phase HPLC to give compounds 3-8. A crude phenolic glycosides fraction was purified by reversed-phase HPLC to give compounds 9-11. Compounds 1, 2, 5, and 7-11 were identical to 2,3,23trihydroxy-30-noroleana-12,20(29)-dien-28-oic acid (norarjunolic 3,23-trihydroxy-30noroleana-12,20-dien-28- 3,23-trihydroxy-30-noroleana-12,20-dien-28- glucopyranosyl-(1→6)--D-glucopyranosyl ester (7) [5b]; 2,3,23-trihydroxy-olean-12-en-28-oic acid O--D-xylopyranosyl- [5a,6] ; and 2-(3,4-dihydroxyphenyl) ethyl, 6 -[(2E)-3-(4-hydroxyl-3methoxyphenyl)-2-propenoatyl]--D-glucopyranoside (11) [5a,6] .
Compound 3 was obtained as colorless powder. The molecular formula was determined to be C 52 H 84 O 23 on the basis of its highresolution electrospray ionization time of flight mass spectrum [HR-ESI-TOF-MS (positive ion mode), found 1099.5289, calcd. 1099.5301 for C 52 H 84 O 23 Na]. In the IR spectrum, strong absorbance at 3406 and 1736 cm −1 indicated the presence of hydroxyl groups and a carbonyl group, respectively. The 1 H and 13 C NMR spectra of 3 were very similar to those of 8. In the 1 H NMR spectrum of 3, six singlet methyl signals at  H 1.01, 1.08, 1.12, 1.19, 1.25, and 1.44; a doublet methyl signal at  H 1.68 (3H, d, J = 6.0 Hz); an olefinic proton signal at  H 5.48 (1H, t, J = 3.0 Hz); two hydroxyl methine proton signals at  H 4.11 and  H 3.40; and four anomeric proton signals at  H 6.27 (1H, d, J = 8.0 Hz),  H 4.96 (1H, d, J = 9.6 Hz),  H 5.90 (1H, bs), and  H 5.28 (1H, d, J = 9.6 Hz) were observed. The 13 C NMR and DEPT spectra showed 52 signals, including seven methyls ( C 16.9, 17.5, 17.7, 18.4, 25.6, 26 .0, and 29.3); three oxymethylenes ( C 61.1, 67.3, and 69.2); 17 oxymethines; four anomeric carbons ( C 95.7, 105.1, 102.3, and 107.3); two olefinic carbons ( C 122.9, d and 143.7, s); and a carbonyl carbon ( C 176.4). These data were very similar to those of 8, indicating that 3 was a trihydroxy noroleanolic acid with four sugars. However, in 3, a hydroxyl quaternary carbon ( C 69.7) signal was observed instead of hydroxyl methylene signals at C-23 in 8. All protonated carbonproton conjugations and assignment of sugar moiety were obtained by double-quantum filtered (DQF)-COSY, heteronuclear multiple quantum coherence (HMQC), and heteronuclear multiple bond correlation (HMBC) experiments (Table 1 ). In the HMBC experiment, a methyl proton signal at  H 1.25 (23-H 3 ) was correlated with a hydroxyl methine carbon signal at  C 83.7 (d, C-3); a quaternary carbon signal at  C 39.8 (s, C-4); a methine carbon signal at  C 55.8 (d, C-5); and a methyl carbon signal at  C 17.7 (q, C-24). Another methyl proton signal at  C 1.08 (24-H 3 ) was correlated with C-3, C-4, C-5, and a methyl carbon signal at  C 29.3 (q, C-23). DQF-COSY experiments revealed a sequence from a hydroxyl methine proton at  H 3.40 (d, J = 9.1 Hz, 3-H) to  H 4.11 (2-H) and  H 1.27 and 2.22 (1-H 2 ). Furthermore, the hydroxyl methine proton signal (3-H) was correlated with methyl carbons (C-23 and 24). Another methyl proton signal at  H 1.44 (29-H 3 ) was correlated with two methylene carbon signals at  C 47.8 (t, C-19) and 35.9 (t, C-21), and with a hydroxyl quaternary carbon signal at  C 69.7 (s, C-20) (Figure 2a ). In the nuclear Overhauser effect correlated spectroscopy (NOESY) experiment, the NOEs were observed between the following proton signals; 3-H, 5-H and 23-H 3 ; 2-H, 24-H 3 and 25-H 3 ; 11-H and 18-H; 18-H and 29-H 3 ( Figure  2b) . These results suggest that the aglycone of 3 was 2,3,20trihydroxy-30-norolean-12-en-28-oic acid. Acid hydrolysis of 3 assigned three sugars, D-glucose, D-xylose, and L-rhamnose, which were identical by HPLC analysis using OR and RI detectors. The sugar moiety sequence was determined by HMBC analyses. An anomeric proton at  H 5.28 (Xyl-1) was correlated to a hydroxyl methine carbon signal at  C 83.3 (Rha-3),  H 5.90 (Rha-1) was correlated to a hydroxyl methine carbon signal at  C 78.3 (Glc'-4),  H 4.96 (Glc'-1) was correlated to a hydroxyl methylene carbon signal at  C 69.2 (Glc-6), and  H 6.27 (Glc-1) was correlated with a carbonyl carbon at  C 176.4. The coupling constants of their anomeric protons indicated that the D-glucose and D-xylose were both in the -form, and the rhamnose in the -form. From these results, the structure of 3 was determined to be 2,3,20trihydroxy-30-norolean-12-en-28-oic acid O--D-xylopyranosyl-
The molecular formula of compound 4 was deduced by HR-ESI-TOF-MS (positive ion mode) as C 47 H 76 O 19 , which was one pentose unit (C 5 H 8 O 4 ) less than that of 3. The 1 H and 13 C NMR data and DEPT spectra of 4 exhibited six methyls ( H 1.02, s/ C 16.9, q, C-25;  H 1.08, s/ C 17.7, q, C-24;  H 1.12, s/ C 17.5, q, C-26;  H 1.19, s/ C 25.9, q, C-27;  H 1.26, s/ C 29.3, q, C-23;  H 1.46, s/ C 25.5, q, C-29); olefinic signals ( H 5.46, t, J =3 Hz/ C 122.9, d, C-12;  C 143.6, s, C-13); and a hydroxyl quaternary carbon ( C 69.7, s, C-20). In addition, a carbonyl carbon ( C 176.4, s, C-28) was observed. These data were in good agreement with those of 3. Additionally, three anomeric signals ( H 6.26, d, J = 8.0 Hz/ C 95.8, d, Glc-1;  H 4.98, d, J = 8.0 Hz/ C 105.0, d, Glc´-1;  H 5.85, bs/ C 102.8, d, Rha-1) were also observed, and each anomeric proton signal was correlated with a carbonyl carbon signal at  C 176.5 (C-28), a methylene carbon signal at  C 69.4 (Glc-6), and a methine carbon signal at  C 78.3 (Glc´-4), respectively. Thus, the structure of 4 was identical to 2,3,20-trihydroxy-30-norolean-12-en-28-
Compound 6 was obtained as colorless powder. The molecular formula was deduced on the basis of its HR-ESI-TOF-MS (positive ion mode) as C 52 H 82 O 23 , which was a pentose unit (C 5 H 8 O 4 ) larger than that of 1, and the same as those of 5 and 7. In addition, the 1 H and 13 C NMR data of 6 were very close to those of 5 and 7, suggesting that the aglycone of 6 was a trihydroxy noroleanolic acid derivative with four sugars. However, the signals of the E ring in the aglycone of 6 were different from those of 5 and 7. In the 1 H NMR spectrum of 6, a methyl proton signal ( H 1.57, 3H, s, 29-H 3 ); a methine proton signal ( H 3.60, 1H bs, 18-H); and an olefinic proton signal ( H 5.18, 1H bs, 19-H) , which was correlated with 18-H in the DQF-COSY spectrum, were observed. In the HMBC experiment, a methyl proton signal (29-H 3 ) was correlated with two olefinic carbon signals at  C 129.4 (C-19) and  C 129.7 (C-20) and a methylene carbon signal ( C 26.2 t, C-21). The olefinic proton signal (19-H) was correlated with C-18, C-21 and a methyl carbon at  C 23.1 (C-29). In addition, 18-H was correlated with C-19 and C-20. These data suggest that the aglycone of 6 was a 19(20)-en noroleanolic acid. The 1 H and 13 C NMR data and the results of 2D NMR experiments of the oligosaccharide moiety of 6 were in good agreement with those of 3 and 7. From these data, the structure of 6 was determined to be 2, 3,23-trihydroxy-30-noroleana-12,19-dien-28- 
We isolated eight nortriterpene saponins, including three new compounds (3, 4, and 6) and three phenolic glycosides from the pericarps of A. trifoliata. In a recent study, oleanane and nortriterpene saponins were isolated from the pericarps [5c]. Among these, the nortriterpenes, which are aglycones of the isolated saponins, were primarily the 20(21)-en and 20(29)-en noroleanolic acid derivatives 1, 2, 5, and 7. 19(20) -En type noroleanolic acid 6 was reported again. However, compounds 3 and Nortriterpene saponin from Akebia trifoliata Natural Product Communications Vol. 9 (12) 2014 1697 Table 1 : 1 H and 13 C NMR spectroscopic data for compounds 3, 4, and 6. (in pyridine-d 5 , J values are coupling constants in Hz). *: Signals were overlapped with other signals in each column. 4 were new saponin types having 2,3,20-trihydroxy-30norolean-12-en-28-oic acid as an aglycone. To the best of our knowledge, this is the first reported isolation of 20-hydroxy noroleanolic acid derivatives from A. trifoliata. The dehydration of the 20-hydroxy group of the aglycone enables production of 20(21)-en, 20(29)-en, and 19(20)-en noroleanolic acids. 2,3,20-Trihydroxy-30-norolean-12-en-28-oic acid may prove a key compound in the biosynthesis pathway from oleanolic acid to 20(21)-en, 20(29)-en, and 19(20)-en noroleanolic acid derivatives.
Experimental

General experimental procedures:
The optical rotation was measured with a P-1020 polarimeter, the UV spectrum with a V-550 UV-VIS spectrophotometer, and the IR spectrum with a FT/IR-4200 spectrophotometer (JASCO, Tokyo, Japan). The MS were obtained with a Xevo G2-S TOF-MS spectrometer (Waters, MA, USA). The 1 H-and 13 C-NMR spectra were obtained from a JNM-ECA 600 spectrometer (600 MHz) (JEOL, Tokyo, Japan) using tetramethylsilane as the internal standard.
Plant materials:
The pericarps of Akebia trifoliata were collected at the Medicinal Plant Garden of the School of Pharmacy, Nihon University, in November 2011. The plant was identified by Dr Susumu Kitanaka, a professor at the University. A voucher specimen (No. 20111101 ) was deposited at the university's herbarium.
Extraction and isolation:
The air-dried pericarps of Akebia trifoliata (1 kg) were extracted twice with acetone (2 L), methanol 
